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Abstract
Existing analyzes of baryon semileptonic decays indicate the presence of a small S U(3) symmetry breaking in hyperon
semileptonic decays, but to provide evidence for S U(3) symmetry breaking, one would need a relation similar to the
Gell-Mann–Okubo (GMO) baryon mass formula which is satisfied to a few percents, showing evidence for a small
S U(3) symmetry breaking effect in the GMO mass formula. In this talk, I would like to present a similar GMO
relation obtained in a recent work for hyperon semileptonic decay axial vector current matrix elements. Using these
generalized GMO relations for the measured axial vector current to vector current form factor ratios, it is shown that
S U(3) symmetry breaking in hyperon semileptonic decays is of 5 − 11% and confirms the validity of the Cabibbo
model for hyperon semi-leptonic decays.
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1. Introduction
The success of the Gell-Mann–Okubo (GMO) mass
formula shows that S U(3) is a good symmetry for
strong interactions. This approximate symmetry can
be incorporated into a QCD Lagrangian with mu,md ≪
ms,with ms ≪ ΛQCD. At low energies, an effective chi-
ral Lagrangian can be constructed with baryons coupled
to the pseudo-scalar meson octet, the Goldstone-Nambu
boson of the S U(3) × S U(3) chiral symmetry.This La-
grangian contains the axial vector current matrix ele-
ments and produces the axial vector form factors mea-
sured in baryon semileptonic decays. The Goldberger-
Treiman relation for the pion-nucleon coupling constant
is also obtained directly from this chiral Lagrangian.
At zero order in the current s-quark ms, the axial vec-
tor current form factors and the pseudo-scalar meson-
baryon couplings are S U(3)-symmetric and are com-
pletely given by the two parameters F and D of the
F(antisymmetric) and D(symmetric) type coupling [1]
(in the standard chiral perturbation theory notation),
L = Tr
(
¯B(i6 D − m0)B − D( ¯Bγµ{ ¯Aµ, B})
−F( ¯Bγµ[ ¯Aµ, B])
)
+LSB (1)
Dµ = ∂µ + i ¯Vµ, (2)
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with
¯Vµ = −
i
2
(
ξ†∂µξ + ξ∂µξ†
)
,
¯Aµ = −
i
2
(
ξ†∂µξ − ξ∂µξ†
)
,
Assuming S U(3) symmetry, the axial vector currents
matrix elements for semileptonic hyperon decays can
then be described by the two S U(3)-symmetric F and
D parameters as in the Cabibbo model [2] for which
the agreement with experiments is quite good. The
Cabibbo model for hadronic current for weak interac-
tion semileptonic decays of hyperons is given as:
Jµ = aJ0µ + bJ1µ (3)
where J0µ and J1µ are respectively, the two S U(3) octet
∆S = 0 and ∆S = 1 left-handed hadronic currents.
To have generalized universality for weak interaction,
Cabibbo assumes that the current Jµ has “unit length”
and puts a2 + b2 = 1, with a = cos θ, b = sin θ [2]. This
is exactly the unitarity relation for the two-generation
CKM quark mixing matrix,
|Vud|2 + |Vus|2 = 1 (4)
The remarkable fact is that, using S U(3) symmetry
for the matrix elements of K and π meson and hyperon
semileptonic decays, the predictions of the Cabibbo
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model are in good agreement with experiments [3]. The
suppressed rates for K meson and hyperon semileptonic
decays are explained. Since the Fermi coupling con-
stant for nuclear β decay is given by Gβ = G cos θ, the
discrepancy between 14O and muon lifetime is resolved.
Looking back, the Cabibbo model is a first step to-
ward the Cabibbo–Kobayashi–Maskawa (CKM) model
for weak interactions, following the discovery of charm
and bottom hadrons with the GIM mechanism and CP-
violation incorporated, with the CKM quark mixing ma-
trix:
VCKM =

Vud Vus Vub
Vcd Vcs Vcb
Vtd Vts Vtb
 (5)
which can be parametrized by three mixing angles and
the CP-violating KM phase [4].
Thus the success of the Cabibbo model comes out
naturally with the GIM mechanism and the unitarity of
the CKM matrix. This model also confirms the validity
of S U(3) symmetry in hyperon semileptonic decays, but
one expects some symmetry breaking effects.
To have a precise determination of Vus from hyperon
semileptonic decays, one would need a good estimate
of S U(3) symmetry breaking effects. In the past there
have been many works on S U(3) symmetry breaking in
hyperon semileptonic decays, for example, in Refs. [5–
13] etc. and more recently in Ref. [14]. These works
indicate the presence of a small S U(3) symmetry break-
ing in hyperon semileptonic decays. But to provide ev-
idence for S U(3) symmetry breaking, one needs a re-
lation similar to the Gell-Mann–Okubo (GMO) baryon
mass formula. In this talk I would like to present GMO
relations for hyperon semileptonic decays obtained in a
recent work [15] and show that the amount of S U(3)
symmetry breaking in hyperon semileptonic decays is
5 − 11%.
2. The GMO relations for hyperon semileptonic de-
cays
In the standard model, S U(3) symmetry breaking is
given by the current quark mass term in the QCD La-
grangian with mu,d ≪ ms. As an example, to derive
the GMO relation for baryon mass difference, consider
now the divergence of the ∆S = 1 V-spin V = 1 vector
current u¯ γµ s. It is given by:
∂µ(u¯ γµ s) = −i msu¯ s (6)
The baryon mass difference is given by the u¯ s scalar
current form factor at the momentum transfer q = 0, in
the limit of S U(3) symmetry:
<
1
2
Σ0 +
√
3
2
Λ|u¯ s|Ξ− >= − < p|u¯ s|1
2
Σ0 +
√
3
2
Λ > (7)
<
√
3
2
Σ0 − 1
2
Λ|u¯ s|Ξ− >=< p|u¯ s|
√
3
2
Σ0 − 1
2
Λ > (8)
with |Ξ− >= |V = 1,V3 = 1 >, |p >= |V = 1,V3 = −1 >
and | 12Σ0 +
√
3
2 Λ >= |V = 1,V3 = 0 >, |
√
3
2 Σ
0 − 12Λ >=
|V = 0,V3 = 0 >.
Eqs. (7–8) are the rotated V-spin version of
the two I-spin relations for the u¯ d matrix elements:
< B′|∂µ(u¯ γµ s)|B > given by ( f1)B→B′(mB′ − mB),
( f1)B→B′ being the form factor at q2 = 0 momentum
transfer in the vector current < B′|u¯ γµ s|B > matrix ele-
ment which has no first order S U(3) breaking effect ac-
cording to the Ademollo-Gatto theorem [16]. We thus
have,
[(1/4)(mΞ− − mΣ0) + (3/4)(mΞ− − mΛ)]
= [(1/4)(mΣ0 − mp) + (3/4)(mΛ − mp)] (9)
[(mΞ− − mΣ0 ) − (mΞ− − mΛ))
= −[(mΣ0 − mp) − (mΛ − mp)] (10)
Eq. (9) reproduces the GMO relation:
(3/4)(mΛ − mN) + (1/4)(mΣ − mN)
= (3/4)(mΞ − mΛ) + (1/4)(mΞ − mΣ) (11)
while Eq. (10) reduces to a trivial identity.
The l.h.s and r.h.s of Eq. (9) is 0.1867 GeV and
0.1966 GeV respectively, showing a small S U(3) sym-
metry breaking effects, of the order d = 0.05, the ratio
of the difference between the l.h.s and r.h.s to the aver-
age of the two quantities and one would expect similar
amount of symmetry breaking in hyperon semileptonic
decays.
By making a substitution u¯s → u¯γµγ5s in the V−spin
relations for the matrix elements of u¯s in Eqs. (7,8), the
two GMO relations for the axial vector current matrix
elements are obtained
<
1
2
Σ0 +
√
3
2
Λ|u¯γµγ5s|Ξ− >
= − < p|u¯γµγ5s|
1
2
Σ0 +
√
3
2
Λ > (12)
<
√
3
2
Σ0 − 1
2
Λ|u¯γµγ5s|Ξ− >
=< p|u¯γµγ5s|
√
3
2
Σ0 − 1
2
Λ > (13)
In terms of (g1/ f1)B→B′ the axial vector current to vector
current form factor ratios [18], the two GMO relations
Decay f1 (g1/ f1)S U(3)+SB (g1/ f1)exp[19, 20] dB→B′ (est.)
n → pℓν¯ 1 F + D 1.2694 ± 0.0028
Λ→ pℓν¯ −√3/2 F + D/3 + dΛ→p 0.718 ± 0.015 −0.015 − 0.011
Σ− → nℓν¯ −1 F − D + dΣ−→n −0.340 ± 0.017 −0.034(input)
Ξ− → Λ0ℓν¯ √3/2 F − D/3 + dΞ−→Λ 0.25 ± 0.05 0.053 − 0.023
Ξ0 → Σ+ℓν¯ 1 F + D + dΞ0→Σ+ 1.21 ± 0.05 −0.06(data)
Ξ− → Σ0ℓν¯ 1/
√
2 F + D + dΞ−→Σ0
Σ− → Λℓν¯ 0 (g1)S U(3) =
√
2/3D (g1)exp = −0.070 − 0.028
Σ+ → Λℓν¯ 0 (g1)S U(3) =
√
2/3D 0.587 ± 0.016 −0.070 − 0.028
Table 1: Vector and axial vector current form factors for baryon semileptonic decays in the Cabibbo model and with S U(3) breaking term dB→B′
and the measured axial vector to vector form factor ratio g1/ f1 , the S U(3) and measured values for (g1)Σ−→Λ. The last column is the estimated
dB→B′ .
become,
(1/4)(g1/ f1)Ξ−→Σ0 + (3/4)(g1/ f1)Ξ−→Λ
= (1/4)(g1/ f1)Σ0→p + (3/4)(g1/ f1)Λ→p (14)
(3/4)[(g1/ f1)Ξ−→Σ0 − (g1/ f1)Ξ−→Λ]
= −(3/4)[(g1/ f1)Σ0→p − (g1/ f1)Λ→p] (15)
In the exact S U(3) symmetry limit, the l.h.s and r.h.s
of Eq. (14) as well as that of Eq. (15) are equal, given
by F and D, respectively. Violation of the above rela-
tions comes from first and second order S U(3) breaking
terms, but second order terms could be less important
because of possible cancellation in (g1/ f1)B→B′. Thus
the validity of the above relations would depend essen-
tially on first order S U(3) symmetry breaking effects.
In the presence of S U(3) symmetry breaking, the l.h.s
and r.h.s of Eq. (14) and Eq. (15) thus differ and are
given by,
L1 = F + (1/4) dΞ−→Σ0 + (3/4) dΞ−→Λ,
R1 = F + (1/4) dΣ0→p + (3/4) dΛ→p (16)
and
L2 = D + (3/4) (dΞ−→Σ0 − dΞ−→Λ),
R2 = D − (3/4) (dΣ0→p − dΛ→p) (17)
with dB→B′ the corresponding symmetry breaking term.
The differences∆1 = L1−R1 and ∆2 = L2−R2 depend
only on the symmetry breaking terms and are measures
of S U(3) symmetry breaking.
From the measured values in Table 1, we have
L1 = 0.490 ± 0.05, R1 = 0.453 ± 0.015,
∆1 = 0.036 ± 0.065 (18)
L2 = 0.720 ± 0.075, R2 = 0.793 ± 0.024,
∆2 = −0.073 ± 0.10 (19)
showing on average, an amount of S U(3) breaking of
4% from ∆1 and 10% from ∆2 (ignoring experimental
errors), to be compared with an amount of S U(3) break-
ing of 5% in < B′ |u¯s|B > .
The S U(3)-symmetric fit in Ref. [7] produces an
S U(3) value (g1/ f1)Σ−→n = −0.3178 to be compared
with the measured value of −0.340±0.017. This implies
an S U(3) breaking of 6.5%. Taking dΣ−→n = −0.034,
we obtain
F = 0.464 + 017, D = 0.805 − 0.017 (20)
Thus dΣ−→n makes a rather small contribution to F
and D. This provides us with a quite precise deter-
mination of F and D, using the two GMO relations
we found. With F and D determined, the symmetry
breaking term dB→B′ are then obtained from the mea-
sured (g1/ f1)B→B′ as shown in Table 1. One would
expect second order S U(3) symmetry breaking effects
to be quite small for both vector and axial vector cur-
rent matrix elements. The determination of Vus could
be made by using the measured g1/ f1 and neglecting
second order S U(3) symmetry breaking effects in the
vector current form factor f1. The values for Vus thus
obtained in Refs. [7, 17] are consistent with each other,
and also agrees with the KTeV value from neutral kaon
semileptonic decays, as quoted in Ref. [17] : Vus =
0.2250±0.0027[17], Vus = 0.22376±0.00259 [7] , to be
compared with Vus = 0.2252 ± 0.0005KTeV ± 0.0009ext
from KTeV. For a more precise determination of Vus
from hyperon decays one would need to compute sec-
ond order S U(3) symmetry breaking effects for f1, as
done in lattice calculation of the Kl3 f+(0) form factor
which gives Vus = 0.2246 ± 0.0012 [19]. Since Vus
obtained from hyperon semileptonic decays [7, 17] is
close to the value extracted from the measured average
of Vus f+(0) = 0.2163 of various Kl3 measurements [21],
with corrections from second order S U(3) breaking for
f+(0) given by chiral perturbation theory and lattice
QCD calculations, second order S U(3) breaking in the
vector current form factor f1 would be very small, as
mentioned above.
3. Conclusion
The GMO relation for baryon mass difference is quite
general and can be derived for the axial vector cur-
rent matrix elements in hyperon semileptonic decays.
This relation provides evidence for an S U(3) breaking
effect of the order 5 − 11% in hyperon semileptonic
decays. The small symmetry breaking effect we find
also confirms the success of the Cabibbo model for hy-
peron semileptonic decays. Finally, these GMO rela-
tions could be used as experimental constraints on the
S U(3) symmetry breaking terms in theoretical calcula-
tions.
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